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Abstract 

The investigation of the neural correlates of creative cognition requires researchers to adapt 

creativity tasks to meet the constraints imposed by cognitive neuroscience research – assessing well-

defined cognitive processes, repeated over many tasks. We present a brief review of essential study 

design parameters in neuroscience research on creativity including number of task repetitions (i.e., 

trials), time on task, what kind of responses are collected (e.g., whether participants speak, write, 

draw, press buttons etc.), and when these responses are collected (e.g., after or during task). We 

further examine how design parameters depend on neuroscience methods (e.g., fMRI, EEG) and task 

type (e.g., divergent thinking, creative problem solving). The review discloses a substantial 

heterogeneity of methodological approaches across studies, but also identifies some established 

common practices. Typical adaptations include the employment of shortened tasks, which allows the 

realization of more tasks per session, and a more focused investigation of time-critical cognitive 

processes. Study designs also commonly separate periods of creative thought from response 

production in order to restrict the effect of response-related motor artifacts and to assess brain 

activity unique to the generation of creative ideas/solutions. We discuss the pros and cons of the 

various approaches with respect to the goal to increase reliability of neurophysiological 

measurements while maintaining valid assessments, and derive some recommendations for future 

research. 
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 Neuroscience provides powerful methods to investigate cognitive processes in creative 

thought. In the last two decades, many scholars have joined the venture to unveil how creativity 

emerges in the brain. A special issue in the journal Methods supported these efforts by introducing 

novel approaches to the study neuroscience of creativity (Dietrich, 2007). Early reviews of research 

findings, however, observed little consistency in how creativity is manifested in the brain, which was 

partly attributed to the large heterogeneity of tasks and methods employed in the field (Arden et al., 

2010; Dietrich et al., 2010; Sawyer, 2011). Indeed, studies have investigated very diverse creative 

activities ranging from drawing to musical improvisation to idea generation (Abraham, 2018). 

Moreover, even studies focusing on the same experimental task (e.g. alternate uses test) differed 

considerably in the specific way the task was implemented in the neurophysiological assessment 

(e.g., task duration, mode of responding, control tasks, etc.). Later reviews that put a focus on more 

specific creative activities and brain imaging methods provided more consistent results (e.g., Boccia 

et al., 2015; Fink & Benedek, 2014; Gonen-Yaacovi et al., 2013; see also, Jung & Vartanian, 2018). 

However, experimental designs still vary considerably across studies even within specific domains, 

which may reflect a lack of clarity of how to assess creativity most effectively in neuroscience 

research. 

The valid assessment of creativity is already a big challenge in behavioral creativity research. 

All the more, this applies to cognitive neuroscience, because neurophysiological assessments impose 

additional methodological constraints (Abraham, 2013; Sawyer, 2011). Brain research requires the 

measurement of brain activation during well-defined cognitive activities that need to be repeatable 

over dozens of times in order to obtain reliable assessments. Moreover, neurophysiological 

assessments are sensitive to motor artifacts (e.g., caused by speaking, moving, or even blinking), 

which seriously limits the feasible ways of creative expression. Finally, neuroscientific investigations 

often involve test settings that appear not very conducive to creative thought (e.g. lying supine in a 

rattling MRI scanner or being wired with EEG electrodes). This general situation is quite at odds with 

the assessment of creative cognition, which typically represents complex cognitive activities that can 
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take minutes and often require the generation of elaborated ideas and products. Therefore, 

neuroscience research on creativity is challenged to adapt creativity assessments to meet the 

constraints imposed by neurophysiological measurements. This article provides a brief review of how 

methodological issues in this field have been addressed so far. It focuses on functional imaging 

studies that investigate brain activation during actual creative task performance. The article hence 

does not cover other important lines of neuroscience research such as structural imaging, resting-

state analyses, or lesion studies that measure creativity independent from brain assessments. These 

latter approaches face the same psychometric challenges as behavioral research on creativity, which 

are addressed by other articles in this Special Issue. We discuss the pros and cons associated with 

different methodological approaches, and derive some recommendations on how creativity can be 

studied in a reliable and valid way in cognitive neuroscience research. 

Reviewing common practices in neuroscience research on creativity 

General overview 

To obtain a comprehensive picture of how neuroscience studies have approached creativity 

so far, we performed a quantitative review of available research in this field. We were interested in 

studies that investigated brain activity during creative cognition using common neuroscience 

methods including functional magnetic resonance imaging (fMRI), electroencephalography (EEG), 

near-infrared spectroscopy (NIRS), positron emission tomography (PET), and 

magnetoencephalography (MEG). Specifically, we searched the literature using Web of Science™ for 

English empirical articles employing a topic search considering title, abstract, and keywords with the 

search string: TS = ((creativity OR "creative cognition" OR "creative thinking") AND (fMRI OR EEG OR 

MEG OR NIRS OR PET)). Note that we used method-specific search cues instead of more general cues 

such as “brain” or “neuroscience” because it resulted in a more focused search of empirical work. 

This approach should provide a broad, representative overview of relevant work, but is not a fully 

exhaustive search, as it may miss studies that used relevant tasks, but did not mention 
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“creativity/creative cognition/creative thinking” in the title, abstract or keywords. The search yielded 

305 papers on October, 2nd, 2018. We excluded papers that included no original data (e.g., reviews), 

did not involve creative thinking tasks (e.g., metaphor comprehension), or did not study brain activity 

during actual creative task performance (e.g., structural MRI studies). This procedure left 115 articles 

describing a total of  131 different studies or tasks (some articles had multiple studies or tasks), 

which represented the final data considered in our analyses (data and scripts are provided at 

https://osf.io/zfr7v/). 

An analysis of publications per year shows that, besides the pioneering work by Colin 

Martindale carried out in the 1970’s and 1980’s, neuroscience research on creativity didn’t gain 

momentum until the end of 2000, with publication numbers increasing steadily ever since, and about 

70% of articles having been published since 2010 (see Figure 1). From the studies included in this 

review, 48.9% used EEG, 48.1% used fMRI, and two studies each used PET and NIRS, respectively. 

While fMRI has only been used since 2005 in this field, it has outnumbered EEG in recent research 

and strongly contributes to the overall trend of increasing neuroscience research on creativity. Only 

one article combined two neuroimaging methods (i.e., EEG and fMRI; see Fink et al., 2009), 

suggesting a need for more multimodal research. The sample sizes in these studies range from 7 to 

250, with an average of 35.81 (SD = 36.41; median = 28.0). 

In the next step, we examined the prevalence of different kinds of creativity assessments in 

neuroscience research. We found that the majority of studies (51.1%) used divergent thinking (DT) 

tasks, which require to generate creative ideas to open-ended problems (e.g., alternate uses task); 

19.1% of studies employed creative problem solving (CPS) tasks, which have correct solutions and 

often require a restructuring of the problem representation (e.g., Remote Associates Test, insight 

tasks); 29.8% of studies used a variety of mostly product-based tasks, which assess creative 

performances resulting in a creative product such as drawing, writing, or musical improvisation. 

These rates are very similar to those obtained in a recent review of behavioral creativity research 

based on a random stratified sample of 200 articles from 2009-2012 (Forgeard & Kaufman, 2016): 
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from 81 studies that directly assessed creative performance, 59.3% employed DT tasks (traditional or 

complex), 9.9% employed CPS tasks, and 30.9% used other tasks rated with the consensual 

assessment technique. This congruence (including a similar focus on DT tasks) suggests that the 

popularity of these task types in the behavioral research tradition is mirrored in neuroscience 

research. 

We further analyzed the relative frequency of task domains (e.g., verbal, visual, music) 

defined by the type of response in these tasks. This analysis revealed that most of the employed 

creativity tasks collected verbal responses (73.3%), 17.6% were visual tasks (e.g., drawing), 7.6% 

were musical tasks, and 1.5% used other or mixed modalities (e.g., freestyle rap). It needs to be 

noted that the large set of verbal tasks was not homogenous. It included tasks that required verbal 

creativity in a narrower sense, for example, metaphor generation or story writing, but also many 

other tasks that just required a verbal response but without involving verbal creativity to the same 

degree. The alternate uses task, for example, has been commonly labeled as a verbal task (Torrance, 

1974), although it may not require much verbal creativity to find creative object uses (Benedek, Fink 

& Neubauer, 2006). Only after an idea is generated, some verbal creativity may be involved in how 

well an idea is sold (Forthmann et al., 2017), suggesting that even different modalities can be 

prevalent at different stages of the task. In general, verbal responses are arguably the most 

convenient way to communicate abstract ideas. We hence believe that the prevalence of verbal 

creativity is overestimated in the literature, and this variability in task classification may contribute to 

inconsistencies in research findings. Therefore, traditional approaches to classify task domains by the 

modality of responses need to be reconsidered and shifted towards a focus on the modality of 

cognitive representations during the actual task. 

How to adapt creativity tasks in neuroscience research? 

Number of tasks and time on task. Neuroscience scholars commonly seek to employ proved and 

tested tasks similar to how they are used in behavioral research, but several adaptions are needed to 
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meet the requirements of neurophysiological measurements. First of all, tasks are commonly 

embedded in more extended trials that can include task cues (i.e., reminding participants of the 

current task and condition, since thorough task instructions are often administered before entering 

the scanner or mounting EEG electrodes), reference periods (i.e., measurements of baseline brain 

activity, which often ask participants to relax while looking at a fixation cross), the actual task, and a 

response period. Moreover, neuroscience assessments typically involve many task repetitions (i.e., 

trials) and shorter task durations than behavioral assessments. The main reason for this is that 

neuroscience assessments do not target the measurement of a latent ability but rather the 

assessment of brain processes related to creative task performance. Establishing the relationship 

between creative cognition and brain activity involves several assumptions that are sometimes not 

well specified. First of all, we need to define what cognitive processes are involved when in the 

creative task. Yet, creative thinking tasks are often quite complex and involve many different 

processes and strategies that may vary over time (e.g., Gilhooly, Fioratou, Anthony & Wynn, 2007). 

Second, we need to define how cognitive processes manifest in a neurophysiological response. 

Different neurophysiological responses are commonly considered, including event-related potentials 

(ERP), and shifts in oscillatory activity in the EEG, or blood-oxygen-level dependent (BOLD) responses 

in fMRI assessments, and different responses follow different temporal dynamics. Crucially, neural 

responses of cognitive processes cannot be observed in isolation, but other ongoing processes as 

well as measurement artifacts (e.g. motion-related artifacts) add noise to the signal we are 

interested in. Further noise is contributed by inter- and intraindividual differences in cognitive 

processes and brain responses, which are typically hard to account for (Grady & Garrett, 2014). Given 

these potential sources of measurement error, many task repetitions (i.e., trials) are needed to 

ensure sufficient reliability of neurophysiological assessments. A large number of trials can only be 

realized with short tasks, which implies considerable shortening for extended creativity tasks (e.g. 

divergent thinking tasks). Shorter tasks may additionally reduce the variability of cognitive processes 

within tasks and better conform to neurophysiological models of brain responses.  
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Table 1 presents a descriptive analysis of the number of tasks and task duration (defined as 

the time needed to generate a solution or product, which excludes any time periods designated for 

instruction or response elaboration) in relevant research. Across all studies, the median number of 

tasks (i.e., trials) was 15 and the median task duration was 30 s. Notably, the correlation between 

number and duration of tasks showed a strong negative correlation (rs = -.75), indicating that studies 

using shorter tasks afforded substantially more tasks. Task number and duration vary substantially 

across studies and differ between imaging methods and task type. For example, fMRI studies 

generally used more tasks (median = 20) than EEG studies (median = 3), but task duration was 

shorter in fMRI studies (median = 15 s) compared to EEG studies (median = 165 s). In part, this 

difference may be due to the fact that EEG assessments involve a less obtrusive assessment setting, 

so that tasks can be implemented more akin to standard cognitive testing. Moreover, EEG studies 

often target at the analysis of changes in brain activation over time within tasks (e.g., Jung-Beeman 

et al., 2004; Schwab, Benedek, Papousek, Weiss, & Fink, 2012). Studies on creative problem solving 

have used the highest number of tasks, followed by divergent thinking and other tasks, whereas time 

on task was typically higher for divergent thinking tasks compared to creative problem solving. These 

findings reflect differences in task duration that are also observed in behavioral testing (e.g., creative 

problem solving tasks are often realized with shorter time on task than divergent thinking tasks). 

Some studies even used as few as one task, which may have been done to establish basic brain 

activity or connectivity patterns for a complex task (e.g., De Pisapia, Bacci, Parrott, & Melcher, 2016). 

Some of the task durations are also very long (from 30 s to several minutes), which typically reflects 

self-paced tasks that require ongoing production such as drawing, musical improvisation, or tasks 

where multiple responses can be given within the task, which were later split into separate trials.  

Our analysis shows that neuroscience studies on creativity typically employ around 15 tasks 

(i.e., trials) per condition or task type. This is much more than the number of tasks commonly 

employed in psychometric testing of the same constructs, but probably still less than the average 

number of tasks used in other fields of cognitive neuroscience (Abraham, 2013). The adequate 
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number of tasks likely depends on the signal-to-noise ratio of the task and further design 

characteristics such as task duration and event-related vs. blocked task presentation (Friston, 1999). 

Moreover, for fMRI research, power calculation tools are available to determine the required sample 

size for a given design (Mumford & Nichols, 2008). High task numbers are only possible with short 

tasks, which comes with certain limitations. For example, divergent thinking tasks probably cannot be 

much shorter than 10-15 s to enable at least one valid response. Task periods of 15 s easily add up to 

a trial duration of 45 s, including time for cues, response periods, and fixation periods. If we have just 

two conditions with 20 trials each, we already end up with a test session of 30 minutes. In fMRI 

studies, we often want to add short structural scans and include time for initial calibration, which 

easily reaches the maximum time that participants can stay engaged in a task and be exposed to MRI 

measurements (i.e., usually about 45 minutes). Tasks focusing on more elementary cognitive aspects 

underlying creative thought, like passive conceptual expansion during evaluation (Rutter et al., 2012) 

or association processes (Green et al., 2015), allow shorter task times and thus higher amounts of 

trials. Hence, increasing the number of trials is limited by the minimum amount of time needed to 

perform tasks and the maximum total session time.  

 Besides these technical restrictions to tweaking tasks for neuroscience research, there are 

also important conceptual issues to consider. How does the shortening of tasks affect task validity? In 

DT tasks, for example, creativity of responses tend to increase with time as early responses are often 

retrieved from memory and thus represent more common, less creative ideas (Beaty & Silvia, 2012; 

Gilhooly et al., 2007). Yet, there is evidence suggesting that, while reliability increases with time on 

task and number of responses, this may not equally apply to validity; in fact, task validity may even 

decrease when DT tasks get too long (Benedek, Mühlmann, Jauk, & Neubauer, 2013). Moreover, we 

still know little about how cognitive task demands change when tasks become more speeded (i.e., 

shorter task durations). One recent study showed that more speeded tasks (e.g., 2 minutes of 

divergent thinking) did not rely more on mental speed (Gs) than “unspeeded” tasks (e.g., 8 minutes 

of divergent thinking; Forthmann, Lips, Szardenings, Scharfen, & Holling, in press), but task durations 
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can be considerably shorter than that in neuroscience research. A few studies have reported 

relationships between task performance during short tasks used in neuroscience assessments and 

external criteria. For example, Perchtold and colleagues (2018) found a high correlation between 

rated divergent thinking performance in 15 s tasks administered inside the scanner and 3 min tasks 

administered outside the scanner (r = .64). Similarly, unpublished latent variable analyses from Beaty 

and colleagues (2018) found a strong latent correlation of r = .61 between divergent thinking ability 

assessed with 12 s scanner tasks (people generated 23 single uses for 23 different objects) and 3 min 

lab tasks (people generated many creative uses for two objects), which again strongly correlated with 

self-reported creative behavior and accomplishments in the arts and sciences (scanner r = .50 and lab 

r = .32), providing validity evidence consistent with, and potentially even higher than, lab-based 

measures (e.g., Jauk, Benedek & Neubauer 2014). 

Collecting responses. Another aspect that requires careful consideration when adapting creativity 

tasks to neuroscientific assessments is how and when responses are collected. Since 

neurophysiological measurements are sensitive to movement artifacts, measurements of brain 

activity should not get confounded with response-related motor activity. While subtle motor activity 

related to button presses is typically not considered a problem, creative products often require more 

complex response forms such as speaking, writing, drawing, or even playing an instrument. Artifact 

detection and correction tools do an increasingly good job to remove motor-related artifacts from 

the data, yet there are technical limits to restoring original data. Therefore, researchers typically 

ensure to separate creative thought from response production in time. This approach is also 

consistent with the aim to distinguish different phases in the creative process (e.g., generation, 

elaboration, evaluation; Barbot, 2018; Ellamil et al., 2012; Fink et al., 2018; Jankowska et al., 2018; 

Loesche et al., 2018; Rominger et al., 2018). 

There are different ways to deal with this issue. First, we can have participants perform the 

task self-paced, thus allowing them to give their responses whenever they arise, and only afterwards 

individually classify times prior to the response as creative thinking time versus times after response 



11 
 

onset as response production time. Adapted to neuroscientific assessments this could mean that 

participants press a button when they have an idea, then vocalize their idea, and press another 

button when they are done with the response, thereby providing time stamps for thinking and 

response periods (e.g., Boot et al., 2017; Fink, Benedek, Grabner, Staudt, & Neubauer, 2007). After a 

response, they may move on to the next task, or, if multiple responses are required, continue with 

the task until timeout. Another option is to use voice key analyses applied to audio recordings during 

task performance to obtain relevant timings (e.g., Benedek et al., 2014b). Yet another approach is to 

define fixed time intervals a priori for idea generation and response generation, respectively (e.g., 

Fink et al., 2009). Some researchers additionally ask participants to indicate the occurrence of 

solutions by button-presses during task performance with fixed timing (e.g., Heinonen et al., 2018). 

Finally, for some complex creative activities, response production cannot be easily delayed and brain 

activation is measured concurrent to the actual production of responses (e.g. musical improvisation 

or drawing; e.g., Pinho et al., 2016; Saggar et al., 2018). Such studies typically employ control tasks 

that involve highly similar response productions in order to limit the risk of systematic confounds by 

motor activity. Another question relates to when and how responses are collected. Some studies 

collected verbal (Camarda et al., 2018) or written responses (e.g., Erhard, Kessler, Neumann, Ortheil 

& Lotze, 2014), while others ask participants to draw (e.g., Saggar et al., 2018), or play piano using 

MR-compatible instruments (Pinho et al., 2016). Yet other studies ask for button presses to indicate 

that a solution was found, which is often followed up by asking participants to recall their responses 

after the session or by assessing independent performance measures (e.g., Abraham et al., 2012; 

Vartanian et al., 2018).  

Table 2 presents an analysis of the typical response timing (i.e., when are responses 

collected) and response type (i.e., what type of responses are collected) across neuroscience studies 

on creativity. Most commonly, studies have defined a fixed timing for thinking and response periods, 

either without button presses (40.1%) or with additional button presses during task performance to 

measure response times (16.3%). This method is especially popular in fMRI studies (73.0% in total). It 
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is common across all types of tasks, but creative problem solving studies have used fixed timing more 

often together with additional button press (52.5%) and other tasks more often without. 29.3% of 

studies employed a self-paced approach, where the separation between thinking and response 

periods is realized post hoc relative to individual response onsets. This approach is especially 

common in EEG research (47.4%). Only 12.2% of studies have collected responses during the task, 

thus not separating thinking periods from response periods.  

The self-paced approach aims to implement tasks as similar as possible to how they are 

typically administered in psychometric tests, allowing participants to respond whenever they come 

to a solution (Fink et al., 2007). We can assume that this approach achieves a validity similar to 

performance in standard cognitive testing. As a potential downside, this approach results in a 

variable amount of time spent on the task across participants (if the task ends as soon as a response 

is given; e.g., Tik et al., in press) or in a variable number of trials (if participants can give several 

responses within each task; e.g., Boot et al., 2017). When a variable amount of data is collected per 

participant this entails differences in the reliability of assessments, and it may even imply a direct 

confound, as more creative people typically respond more fluently. Following this approach, 

experimenters should make sure to obtain a certain minimum amount of trials/time for each 

participant.  

The fixed-timing approach ensures that the number of task repetitions (i.e., trials) and time 

spent per task is equal across participants, which implies higher experimental control and also 

enables a more straightforward analysis of brain data. As a potential downside of this approach, 

however, it is not easy to specify a timing that works well for all task conditions and participants – it 

should be long enough to capture the essential process and provide all participants enough time to 

come up with a response, yet it should not be too long, as this can result in idling when participants 

find a response early in the task. The latter issue is commonly dealt with by asking participants to 

continue searching for even more creative ideas or to continue adding details to their response until 

the predefined time is over (e.g., Beaty, Silvia, Benedek, 2017; Benedek et al., 2014a). 
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Neuroscience studies also differ considerably in what kind of responses are collected. Most 

commonly they relied on oral responses (46.4%), but sometimes they also collected written 

responses or drawings, and about 25% of studies acquired button presses. Oral responses are most 

frequently collected in EEG research (56.7%) but also common in fMRI studies (33.9%). The review 

further shows that oral responses are most common in divergent thinking research (66.2%), whereas 

creative problem solving research more often use button presses (58.3%). These rates are certainly 

different from other fields of cognitive neuroscience, which mostly rely on button press responses. 

These findings highlight that most studies make an effort to collect responses in a way that pays 

tribute to the complex nature of creative productions—that is, creative performance cannot easily be 

reduced to button presses and typically involves speaking, writing, drawing or other formats to 

adequately communicate creative ideas and products. 

 Collecting responses in neuroscience of creativity often requires some extra effort (e.g., 

employing an MRI-compatible microphone), but is important for several reasons. First of all, it allows 

the researcher to monitor task performance and thus, substantiate that participants have been 

properly engaged in the task. Related to this, it facilitates the researcher’s ability to discard trials 

from analysis where participants failed to follow instructions or to come up with a response. This is 

common practice in cognitive neuroscience research, but only possible when responses were 

collected in the first place. From the perspective of the participant, tasks may be more engaging 

when they require a response, whereas doing tasks just mentally can be tedious and increase the risk 

for mind wandering. As another important benefit, responses can be scored to obtain measures of 

individual performance. Scoring creative performance typically involves evaluations by several raters 

that show reasonable inter-rater-reliability. Performance data can serve to run manipulation checks 

(e.g., how do experimental conditions affect creative performance?; Benedek et al., 2018; Fink et al., 

2012), and they enable additional lines of analyses relating task performance to brain activation. This 

can be done at the within-subjects level (i.e., how does brain activity differ between more vs. less 

original ideas?; e.g., Green et al., 2015) as well as at the between-subjects level (i.e., how does brain 
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activity differ between more creative people vs. less creative people, as defined by task performance; 

e.g., Fink & Neubauer, 2008). Finally, scored task performance can be related to relevant external 

criteria in order to demonstrate the validity of adapted creativity tasks (Beaty et al., 2018). In sum, 

assessing creative performance during neurophysiological assessments is challenging but crucial to 

achieve a stronger inference on the actual relationship between creativity and brain activation.  

Summary and conclusions 

 The investigation of the neural correlates of creative cognition requires researchers to adapt 

creativity tasks to meet the constraints imposed by cognitive neuroscience research – assessing well-

defined cognitive processes, repeated over many tasks. A review of available neuroscience research 

of creativity revealed a large variability in essential study design parameters such as number of tasks, 

time on task, and when and what kind of responses are collected. In general, the employed creativity 

tasks are strongly inspired by available psychometric tests of creative potential that were adapted 

towards lower time on task to allow running more tasks per study. Most studies have collected 

qualitative responses such as oral, written, drawn or musical productions, which enable to analyze 

brain activation related to creative performance. Moreover, studies usually take care to separate 

times of creative thought from response production in order to limit potential confounds with 

response-related motor activity. Taken together these adaptations are useful to increase reliability of 

neurophysiological measurements while maintaining valid assessments. Indeed, initial evidence 

suggests that divergent thinking tasks that are adapted for neuroscience, for example, perform well 

in terms of concurrent validity as well as criterion validity (Beaty et al., 2018; Perchtold et al., 2018). 

 While the development of neuroscience paradigms has strongly built on paradigms from 

behavioral creativity research, we believe that neuroscience research also bears large potential to 

inform behavioral research. First, neuroscience research requires great rigor regarding assumptions 

on the involvement and timing of relevant cognitive processes. This has fueled new interest in the 

examination of specific attention and memory processes in creative thought. For example, the robust 
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association between creativity and EEG alpha activity (Fink & Benedek, 2014; Kounios & Beeman, 

2014) inspired cognitive research on internally directed attention in creative cognition (e.g., Ritter et 

al., 2018; Salvi & Bowden, 2016; Walcher et al., 2017; for a review, see Benedek, 2018). Or, the 

persistent relevance of the default network in creative cognition (Beaty et al., 2016; Zabelina & 

Andrews-Hanna, 2016) attracted much interest in the role of episodic memory for creative thought 

(e.g., Madore et al., 2016). Second, the constraints imposed by neuroscience research have 

stimulated novel types and variants of creativity tasks. These tasks are often very well defined in 

terms of their cognitive demands (Barbot, 2018; Prabhakaran, Green & Gray, 2014) and show 

promising psychometric quality (e.g., Beaty et al., 2018). Hence, addressing the challenges for 

assessment of creativity in neuroscience research has inspired creative solutions to creativity 

assessment that may turn out to be more than just purposeful adaptations. 

 We conclude with some recommendations for future research. First, of course, it is crucial to 

employ tasks that capture relevant aspects of creative cognition, thereby assuring optimal validity. 

The demonstration of validity evidence (e.g., correlations with performance in original tasks or 

external criteria of creativity) is essential for novel creativity tasks but is also recommended for 

established tasks that have undergone substantial adaptations for neuroscience assessments. 

Second, cognitive neuroscience research requires clear a priori assumptions on what cognitive 

processes interact in creative tasks. Neuroscientific assessments of highly complex artistic 

performances are intriguing, but they typically do not allow to reliably relate brain activation to 

specific psychological processes and thus heavily rely on reverse inference (Poldrack, 2006). Powerful 

tests of brain-cognition associations need to specify what cognitive processes (e.g., memory, 

attention, cognitive control processes) are central to the main task, how they differ in control tasks 

(but see Logothetis, 2008, for a discussion of pure insertion issues), and hypothesize on causal 

relationships between neurocognitive processes (e.g., Vartanian et al., 2018). To this end, the design 

of neurophysiological assessments needs to be guided by and based on the rich evidence of cognitive 

science. Third, disentangling cognitive processes may further imply to distinguish specific phases or 
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stages in the creative process as presumed by available theoretical models (e.g., generation, 

evaluation, elaboration). Fourth, creative cognition stands out in that it commonly involves the 

generation of ideas or products that differ in quality. Assessing these productions and their creative 

quality rather than just the time of their occurrence enables powerful analyses of creativity-related 

brain functions. Fifth, co-registration studies assessing different neurophysiological parameters 

concurrently are needed to relate and consolidate evidence across neuroscience methods. Finally, as 

all fields of cognitive neurosciences, the neuroscience of creativity needs to ensure that studies are 

well-powered in terms of sufficient trials and sample size (Yarkoni, 2009). In this manner, task-based 

creativity neuroscience, together with other techniques including structural imaging (Jung et al., 

2013), brain stimulation (Weinberger et al., 2017), and neuropsychological approaches (Abraham, 

2018) will help us to advance our understanding of how creativity emerges in the brain. 
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TABLES 

Table 1 

Analysis of the number of tasks (i.e., trials) and task duration [s] in neuroscience studies on creativity 

(1975-2018). Descriptive statistics for all studies, and separate for EEG and fMRI studies, and studies 

on divergent thinking (DT), creative problem solving (CPS), or other tasks (i.e., mostly product-based 

tasks such as creative writing, drawing or musical improvisation). 

# Tasks n Median M SD Min Max 

  All studies 117 15 24.53 33.74 1 210 

  EEG 53 3 12.62 26.07 1 150 

  fMRI 61 20 35.87 36.54 1 210 

  DT 60 13.5 15.63 14.76 1 72 

  CPS 22 33 42.82 40.65 1 150 

  Other tasks 35 10 28.29 45.98 1 210 

       

Time on task [s] n Median M SD Min Max 

  All studies 117 30 132.53 434.91 2 4500 

  EEG 54 165 242.91 616.95 4 4500 

  fMRI 60 15 36.81 95.89 2 600 

  DT 62 30 154.24 576.27 2 4500 

  CPS 20 19 140.18 231.00 4.5 900 

  Other tasks 35 30 89.69 130.02 2 480 

Note. n represents the number of valid data in each analysis, after excluding studies that failed to 

report relevant information. 
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Table 2 

Analysis of when and what kind of responses are collected in neuroscience studies on creativity (1975-

2018). Descriptive statistics for all studies, and separate for EEG and fMRI studies, and studies on 

divergent thinking (DT), creative problem solving (CPS), or other tasks. 

Response timing 

[%] 

n After task  

(Self-paced) 

After task 

(Fixed) 

After task 

(Fixed + RT) 

During 

task 

No 

response 

 

  All studies 123 29.3 40.1 16.3 12.2 1.6  

  EEG 57 47.4 33.3 5.3 12.3 1.8  

  fMRI 63 12.7 46.0 27.0 12.7 1.6  

  DT 64 35.9 48.4 6.3 7.8 1.6  

  CPS 23 34.8 13.0 52.2 0.0 0.0  

  Other tasks 36 13.9 44.4 11.1 27.8 2.8  

        

Response type 

[%] 

 Speak Write Draw Button Other None 

  All studies 125 46.4 12.0 12.8 23.2 4.8 0.8 

  EEG 60 56.7 18.3 16.7 5.0 1.7 1.7 

  fMRI 62 33.9 6.5 9.7 41.9 8.1 0.0 

  DT 65 66.2 13.8 7.7 12.3 0.0 0.0 

  CPS 24 33.3 8.3 0.0 58.3 0.0 0.0 

  Other tasks 36 19.4 11.1 30.6 19.4 16.7 2.8 

Notes. n represents the number of valid data in each analysis, after excluding studies that failed to 

report relevant information. After task (self-paced) = participants can give their response at any time, 

with the response onset marking the end of generation period and the beginning of the response 

period; after task (fixed) = fixed thinking time and response time were specified by the experimenter; 

after task (fixed + RT) = fixed thinking time and response time were specified by the experimenter, 

but participant gives button press when a solution occurs; during task = responses were collected 

concurrently to task performance. 
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Figure 1. Top: Number of articles on the neuroscience of creativity over time per method (dark blue = 

EEG, blue = fMRI, light blue = other method). *Note that time bins represent 5 years, except for the 

last, most recent bin, which only covers a little more than 3 years, i.e., 01/2015-10/2018. Bottom left: 

Relative frequency of neuroscience studies employing fMRI, EEG, or other methods. Bottom right: 

Relative frequency of neuroscience studies investigating divergent thinking, creative problem solving, 

or other tasks. 


